Objective: To investigate the prognostic value of the tumor size in colorectal cancer (CRC) patients with different primary tumor locations.
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer and a leading cause of cancer-related mortality over the world [1, 2] . During the past decades, there are dramatic development in the therapeutic strategies against CRC, including surgery, molecular-target therapy, adjuvant chemotherapy and radiotherapy. However, a large percentage of patients still succumb to CRC due to the high rate of recurrence and distant metastases [3] . Thus, identification of appropriate prognostic markers is of great importance for decision-making in CRC patients.
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The tumor-node-metastasis (TNM) staging system, as the golden standard for various types of cancer, is widely used for evaluating the prognosis of patients with malignancies [4] . The tumor size, defined as the widest horizontal diameter of tumors, plays significant roles in determining the T stage of several solid tumors such as breast [5] , renal [6] and lung cancers [7] . However, the tumor size was not involved in the TNM staging system of CRC and was reported to have no effects on clinical outcomes in a series of studies [8, 9] . Recently, several researches revealed that larger tumor size was significantly associated with complications, metastasis, high recurrence and poor prognosis of CRC [10] [11] [12] [13] , whereas several other studies showed that patients with smaller tumor size had worse prognosis [14] [15] [16] . Thus, whether the tumor size is a prognostic indicator and the exact roles of the tumor size on the prognosis and recurrence in CRC patients remain controversial and need further investigation.
Though many efforts have been made to verify the prognostic value of tumor size in CRC, no consensus has been reached and few previous studies have taken the primary tumor location into consideration. CRC was traditionally classified into three subgroups according to the primary tumor location, including the right-side colon cancers (RCC, cecum to transverse), the left-side colon cancers (LCC, splenic flexure to rectosigmoid) and the rectal cancers (RECC, rectum) [17] . Accumulating evidence has demonstrated that CRC characterized differently in accordance with primary tumor locations, including epidemiology, pathological features and clinical outcomes [18] [19] [20] [21] . Therefore, the effect of primary tumor locations should not be overlooked when evaluating the prognostic value of the tumor size.
In addition, selection bias could not be neglected in these retrospective studies, which may influence the results and conclusions. The propensity score matching (PSM) technique is a statistical matching method in which each case is matched with one or more control cases according to the propensity scores. The technique is usually used to reduce the selection bias of observational studies [22, 23] .
In the present study, we hypothesized that clinical outcomes in CRC patients with different tumor sizes were distinct. To reduce the selection bias of the retrospective study, we used propensity score matching to get a cohort of 1347 pairs of CRC patients. Then we analyzed whether the tumor size had effects on the overall survival (OS), cancer specific survival (CSS) and disease-free survival (DFS) of CRC patients with different primary tumor locations.
Material and methods

Ethics approval and informed consent
This study was approved by the medical ethics committee of Shandong Provincial Hospital Affiliated to Shandong University (NO. 2017-234). Written informed consent was obtained from all patients included in this study.
Patient selection
A total of 3971 CRC patients were retrospectively collected at Shandong Provincial Hospital Affiliated to Shandong University between March 2000 and July 2016. Eligible patients met the following standards: (1) Patients who undergone radical surgery; (2) patients who had pathologically confirmed colorectal cancer; and (3) patients with stage I, II or III CRC. Patients who met one of the following situations were excluded: (1) patients who had received neoadjuvant chemotherapy or radiotherapy; (2) patients who had synchronous distant metastases at diagnosis; (3) patients with more than one primary CRCs; and (4) patients with unknown tumor size or tumor location. All patients were staged by the seventh edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual.
Data collection and follow up
Baseline characteristics were obtained from the medical database as previously described [24] , including the age, sex, tumor location, tumor size, tumor differentiation, morphological subtype, histological subtype, venous invasion, perineural invasion and tumor deposits. The tumor size was determined during histopathology and was divided into two groups: larger than 4 cm and smaller than 4 cm. The division of tumor size into variables was partly empiric and in accordance with previous research [25] . The primary tumor location was defined as the RCC, LCC and RECC.
The OS, CSS and DFS were chosen as principle outcomes and the follow-up was conducted as previously described [26] . The OS represented the time between the initial surgical resection and death of any causes; the CSS was considered as the time from the initial surgical treatment to death due to CRC; and the DFS was defined as the period from the initial surgical resection to the recurrence or metastasis or death. Censors were defined when patients were still alive at the last follow-up.
Propensity score matching
As a retrospective study, the present research suffered from selection bias inevitably due to unbalanced baseline characteristics. Thus, we conducted the propensity score matching study to reduce the selection bias. Briefly, the propensity scores of all cases were calculated by a logistic regression model, in which the tumor size was considered as the dependent variable with regard to all clinicopathological covariates presented in Table 1 . Patients with smaller tumor sizes were matched to those with larger tumor sizes according to propensity scores by the nearest neighbor matching without replacement at 1:1 fixed ratio. After matching, the standardized mean differences of each of the covariates were applied to compare the balance of the matched cohort.
Statistics analysis
Frequencies and percentages were used to present categorical variables, while the median and range were applied to present continuous variables. Differences among baseline characteristics stratified by the tumor size or the primary tumor location were detected by the chi-square test (χ²) test and the Fisher's exact test. The Kaplan-Meier survival curves were applied to compare the OS, CSS and DFS between the two groups based on the tumor size, which were tested by the log-rank test. Multivariate proportional hazards regression models were utilized by adjusting for the simultaneous impact of potential confounders which were correlated with survival rates in univariate analyses (P<0.1). Additionally, hazard ratios (HRs) with 95% confidence intervals (CIs) were calculated. All statistical analyses were performed by IBM SPSS statistical package 22.0 (IBM, Armonk, NY, USA) and statistically significance was defined as a two-sided P<0.05.
Results
Patients' characteristics before the propensity score matching
The clinicopathological characteristics were summarized in Table 1 . Of the 3971 stage I-III CRC patients recruited in this study, 40.92% were smaller than 4 cm and 59.08% were larger than 4 cm in diameter. Proportions of the RCC, LCC and RECC were 18.5%, 19.4% and 62.2%, respectively. Significant differences were observed between the two groups based on the tumor size regarding the gender (P=0.002), differentiation (P<0.001), histological subtype (P<0.001), T stage (P<0.001), N stage (P=0.047), TNM stage (P<0.001), morphological subtype (P<0.001) and tumor location (P<0.001).
Compared to patients with smaller tumor sizes, patients with larger tumor sizes were significantly associated with male (62.2% vs. 57.3%), poor differentiation (18.7% vs. 13%), the mucinous subtype (18.7% vs. 10%), T4 stage (61.8% vs. 44.6%), N2 stage (18% vs. 15.6%) and RCC (24.2% vs. 10.2%).
Patients' characteristics after the propensity score matching
After the propensity score matching technique, the clinicopathological features were presented in Table 1 . In the propensity score matched cohort (2694 patients), no significant differences were observed between the two groups with respect to age, gender, tumor differentiation, histological subtype, T stage, N stage, TNM stage, tumor location, morphological subtype, venous invasion, perineural invasion and tumor deposits (all, P>0.05).
Separate clinicopathological features among three primary tumor locations
Baseline characteristics stratified by the primary tumor location were shown in Table 2 . Compared to patients with LCC and RECC, RCC patients were more likely to be female (49.5% vs. 34.4% and 40.8%, respectively) and elderly (age of >65 years: 43.8% vs. 39.3% and 32.2%, respectively). RCC patients exhibited a lower frequency of stage I tumors (6.9% vs. 9.6% and 16.8%, respectively) and higher frequencies of poorly differentiated tumors (15.1% vs.13.5% and 13.8%, respectively), the infiltrative subtype (4.2% vs. 2.3% and 1.5%, respectively), and the mucinous subtype (22.1% vs.10.2% and 9.8%, respectively).
The Kaplan-Meier survival analyses after the propensity score matching
The Kaplan-Meier survival curves revealed no significant differences in the OS (P=0.175), CSS (P=0.097) and DFS (P=0.373) between the two groups based on the tumor size ( Figure 1A, 1B, 1C ). For RCC patients, patients with increased tumor sizes had better OS (P=0.014) and CSS (P=0.024) ( Figure 1D, 1E) . However, there was no difference in DFS between the two groups (P=0.214) ( Figure 1F ). For patients with LCC or RECC, no significant differences were observed for the OS, CSS and DFS between the two groups ( Figure 1G -L).
Univariate and multivariate analyses of OS, CSS and DFS after the propensity score matching
In the univariate analyses of OS and DFS, the tumor size was not associated with the prognosis (HR, 1.148; 95% CI, 0.940-1.402; P=0.175 and HR, 1.075; 95% CI, 0.917-1.260; P=0.373, respectively) ( Table 3) . Multivariate proportional hazards regression models were established by adjusting for the simultaneous impact of potential confounders which were associated with survival rates in the univariate analyses (P<0.1). The multivariate analysis of CSS indicated that the smaller tumor size was an independent risk factor for CSS after adjusting for the age, differentiation, T stage, N stage, TNM stage, morphological type, venous invasion, perineural invasion and tumor deposits. That is to say, patients with a tumor size less than 4 cm had a worse CSS than patients with a tumor size greater than 4 cm (HR, 1.275; 95% CI, 1.006-1.616; P=0.045) ( Table 3 ). 
Subgroup analyses based on the primary tumor location
In CRC patients with RCC, the smaller tumor size was an independent risk factor for OS and CSS and patients with a tumor size less than 4 cm had a worse OS (HR, 2.455; 95% CI, 1.297-4.649; P=0.006) and CSS (HR, 2.493; 95% CI, 1.202-5.174; P=0.014) than those with a tumor size greater than 4 cm (Table 3) . For patients with LCC and RECC, the smaller tumor size was not an independent risk factor for OS, CSS and DFS (Table 3) .
Subgroup analyses based on other variables
In the subgroup analyses of OS, significant differences were observed between the two groups with different tumor sizes for the moderate differentiation, N0 stage, TNM stage II and tumor deposits negative subgroups (Figure 2 ). In the subgroup analyses of CSS, significant differences were observed between the two groups with different tumor sizes for the moderate differentiation, T3 stage, N1 stage, TNM stage II, venous negative, perineural negative and tumor deposits negative subgroups (Figure 3 ). In the subgroup analyses of DFS, significant differences were observed between the two groups with different tumor sizes for the T4 stage, TNM stage I and II, and venous positive subtypes ( Figure 4) . 
Discussion
Over the past decades, the TNM staging system has been modified for several times and tumor size remains important for predicting clinical outcomes of several solid tumors [4, 27, 28] . However, the prognostic value of the tumor size in CRC has been overlooked for a long time and remains somewhat uncertain. As gastrointestinal malignancies grow both vertically and horizontally, the depth of vertical infiltration is reflected by the T stage and the horizontal growth is presented by the tumor size. The T stage is incorporated into the TNM staging system as a prognostic indicator for malignancies, while the prognostic value of the tumor size is still controversial and needs further investigation.
Compared to patients with smaller tumor sizes, patients with larger tumor sizes were more likely to be associated with unfavorable features, such as poor differentiation, the mucinous subtype, higher T4 stage, more lymph node invasion. There were many confounders that have caused the imbalance of the two groups and may affect the prognosis between the two groups. Thus, we utilized the propensity score matching technique to balance the different groups and reduce the selection bias. After the propensity score matching, no differences were observed between the two groups based on the tumor size. We compared clinicopathological features of three CRC tumor locations and found that elderly patients and women were more likely to have RCC. Moreover, RCCs consisted of a greater proportion of poorly differentiated tumors, the infiltrative subtype and the mucinous subtype, which is consistent with previous studies [29, 30] .
In the propensity score matched cohort, the Kaplan-Meier survival analyses and univariate analyses were performed to evaluate the prognostic effect of the tumor size on the OS, CSS and DFS of CRC patients. Results revealed that the smaller tumor size was an independent risk factor for CSS, not for OS and DFS, after adjusting for the confounders. We thought that the results in the present study might be relatively more convincing than other studies because of the use of propensity score matching method, which was important for reducing the selection bias existed in the retrospective study.
Few studies have taken the primary tumor location into consideration when evaluating the prognostic value of the tumor size in CRC, however, the effect of primary tumor locations should not be overlooked. Thus, further subgroup analyses based on the primary tumor location were performed and the results suggested that the smaller tumor size was an independent risk factor in RCC both for OS and CSS, not for DFS. Hence, patients with RCC tumors, which are less than 4 cm in size, may be considered to have high risk for mortality. As the lumen of the right-side colon was large and the content was almost fluid, the symptoms of RCCs seem to appear later than LCCs and RECCs. Additionally, RCCs are harder to be diagnosed due to the pain or technical reasons during colonoscopies. Thus, in patients with RCCs, tumors less than 4 cm in diameter seemed to have malignant behaviors or present symptoms earlier to be diagnosed at a relatively smaller tumor size. While tumors greater than 4 cm in diameter seemed to be better proliferated and did not present symptoms until they grew to a relatively greater size. These factors may explain our results. Our results suggested that the tumor size may be used as a complement metric, which was easily obtained from the routine pathological examination of different hospital systems, to determine the prognosis and monitor treatment regimens more accurately.
To our knowledge, the present study was the first propensity score matching study examining the prognostic value of the tumor size in CRC with different primary tumor locations and other subgroups. However, several limitations existed in the present study. First, the present study was a singlecenter retrospective study, thus the patients number was limited. Second, the tumor size was considered as a categorical variable, instead of continuous variable. Third, adjuvant chemotherapy, radiotherapy and laboratory examinations were not included in the present study. Further investigations of multi-center prospective study should be conducted and more baseline characteristics should be enrolled.
Conclusion
In summary, patients with different tumor sizes exhibited distinct clinical behaviors. Our propensity score matching study suggested that the smaller tumor size was an independent risk factor for CSS in patients with stage I-III CRC, and for OS and CSS in patients with RCC.
